Abstract-In this paper, an attempt has been made to enhance the loading of radial distribution by selection of proper conductor. The critical values of total real power load (TPL) and total reactive power load (TQL) for constant power are derived out for the sub-station voltage of 1.0 pu. for 69-node radial distribution network. The proposed method will reduce the real and reactive power losses, improves voltage profile and enhances the loading capability of distribution network. The voltage deviation is reduced to ±10%.The superiority of the proposed method has been established by ±6% from ±10% taking results iteratively. Using network reconfiguration, loading is further increased.
I. INTRODUCTION
A fast algorithm to help the distribution engineer to select proper size of conductors for one's future expansion plan is utmost important because it increases the loading of the system. The optimal conductor type is determined for each feeder segment to maintain an acceptable voltage profile of the entire feeder, minimizing capital investment and the cost of feeder losses. An optimal model for configuring feeder networks to derive an overall expansion was discussed by Tram and Wall [1] . Although their algorithm was based on realistic assumptions and reliable optimization techniques, it was relatively complicated to handle for the engineer. A model to represent feeder cost, energy loss cost and voltage regulation as a function of conductor cross−section and an objective function for optimizing the conductor cross−section had been formulated by Ponnavaikkio and Prakasa Rao [2] . The method proposed in [2] had taken into account the non−uniform distribution of loads along with the length of feeder and load growth in the future years of the plan period. A direct solution procedure for conductor grading was proposed, thereby eliminating the complexity of the dynamic programming approach by Rao [3] A new computational procedure for obtaining the optimal conductor grading policy using PPR model was proposed, which was extremely simple and require very little computation and needed very little computer storage. Methods [1] and [3] could solve problems accurately for small scale whereas these two methods could not guarantee for optimal solution for large scale problem.
In [4] a new technique of optimizing the feeder routing problem which minimized the total cost of feeder subject to a Smarajit Ghosh is with the Thapar University, Department of Electrical & Instrumentation Engineering, Patiala, Punjab−147004, INDIA Uttamjit Singh Chhatwal is with BILT(Thapar Group), Yamunanagar, Haryana, INDIA set of specified constraints was discussed. Ponnavaikko and Rao [2] developed a mathematical model for the problem, and presented multi stage decision dynamic programming method. However, this method failed in handling the large problem and showed only approximate results. The approach discussed by Wang et al. [5] included an economical current density based method and a heuristic method, which together enabled a satisfactory solution that could be easily achieved. Miu and Chiang [6] proposed a solution algorithm to determine distribution loading capability. A solution algorithm suitable for large-scale unbalanced distribution networks with capacitor control actions was developed and tested. However, their model was suitable only for constant current load and for radial main feeder only.
Das [7] presented a simple algorithm for determining the maximum loading of the feeders without violating the maximum current capacity of branch conductor. A predetermined annual load growth was also considered to determine allowable load growth period without violating the minimum voltage limit of the feeder. A dynamic model for the development of primary and secondary circuits supplying a residential area had been proposed by Kirn and Adler [8] . Features of the model which support optimal conductor sizing were the evaluation of annual revenue requirements associated with capital requirement and energy losses as area load evolves. These revenue requirements were responsive to change in area load (positive or negative) arising with change in the number of residences and change in the load per residence year by year. Results of optimization trials explored the relative penalties incurred for optimal conductor policies based on incorrect projections of load growth, degree of load management expected, and costs of losses.
A method was proposed for selecting the optimal size of branch conductor for radial distribution network by Satyanarayana et al. [9] . In the proposed method [9] , the conductor would not only maintain maximum current carrying capacity but also maintain the voltage level for the distribution network.
Two algorithms for the reconfiguration of feeders was presented by Ghosh and Das [10] with two heuristic rules. In the first heuristic rule closing of an open tie switch was based on the maximum voltage drop across it during iterative process and this drop should be greater than some specified value. In the first heuristic rule closing of an open switch is arbitrary, but the voltage drop across it must be greater than some specified value. The load−flow proposed by S. Ghosh et al. [10] is used in the present paper.
The aim of authors is to propose a method to pick up the optimal conductor to enhance the loading of the system. Further, the network reconfiguration [10] is applied to Enhancement of Loading of Radial Distribution Networks Using Optimal Conductor Size Smarajit Ghosh, Uttamjit Singh Chhatwal enhance the loading. 69−node radial distribution network [12] is selected to demonstrate this method.
VI. ASSUMPTION
The three phase radial distribution networks are assumed to be balanced and can be represented by their single line diagram. Load is assumed to be constant power load.
VII. NETWORK RECONFIGURATION
Radial distribution networks have some advantages over mesh distribution networks such as lower short circuit current and simpler switching and protecting equipment. On the other hand, the radial structure provides lower overall reliability. Therefore, to use the benefits of the radial structure and at the same time to overcome the difficulties, distribution systems are planned and built as weakly meshed networks, but operated as radial networks.
Distribution systems consist of group of interconnected radial circuits. Their configuration may varied with manual or automatic switching operations to transfer loads among the feeders. There are two kind of switching in the primary distribution systems, namely, normally closed switches that connect line sections and normally open switches on the tie lines that connect two primary feeders, two substations, or loop type laterals. The former is called sectionalizing switches and the latter is called tie−lines switch. Both of them are designed for fault isolation and network reconfiguration. The purpose of network reconfiguration is to produce the minimum loss possible under the circuit's capacity constraint.
VIII. SOLUTION METHODOLOGY
69−node radial distribution network [12] is taken as example. Initially the network has 5 tie−lines switches and connecting the nodes (11, 43), (13, 21), (15, 46), (27, 65), (50, 59). At first load−flow is run to compute the branch currents and node voltages. The results of load−flow will give branch current using these branch currents conductor as per their maximum current carrying capability is being selected for their respective branch. In the present paper work, conductor is loaded 85% of its maximum value. The reason for not taking 100% loading of conductor is that during fault condition if conductor is 100% loaded then it will be burnt out.
Load−flow also gives voltages at every node, the percentage deviation of voltage w.r.t to p.u. voltage is calculated and it is derived that one has to operate on those nodes having minimum percentage voltage deviation. Then according to percentage voltage deviation the nodes are arranged in ascending order. The nodes having percentage deviation less than 1 are selected. According to voltage deviation the load is distributed on the branches. Fig. 1 shows a sample radial distribution network. Table I shows the branch number, sending−end node, receiving−end node of Fig. 1 . The voltage at any receiving−end node (m2) of branch−jj is expressed by
(2) where, m1 = IS(jj) (3) and m2 = IR(jj) (4) The load current of any receiving−end node m2 = IR(jj) of branch−jj is expressed by
The real and reactive power losses of branch−jj are expressed by 2 LPI(jj)R(jj) = (6) and 2 LQI(jj)X(jj) =
respectively. The current through branch−jj is the sum of all load currents of all nodes beyond branch−jj i.e.,
where N(jj) is the total number of nodes beyond branch jj and IE(jj, i) is the receiving-end node beyond branch−jj. The algorithm for identification of nodes beyond each branch−jj is available in [11] . Table II The node having the voltage less than 1.0000 pu are taken into account only. The load of this node is increased slowly until the ∆I(jj) remains positive. The network is reconfigured and the similar technique is applied. The complete algorithm is shown below.
Step − 1 : Start
Step − 2 : Read sending−end and receiving−end nodes and total number of nodes and branches
Step − 3 : Set V(i) = 1.0 + j 0.0 for all i = 1, 2, 3, …, NB Step − 4 : Set ISS(jj) = IS(jj) and IRR(jj) = IR(jj) for jj = 1, 2, 3, ……, LN1 Step − 5 : Set iteration count k = 1.
Step − 6 : Set kMAX = 100 (say)
Step − 7 : Set DVMAX = 0.0 and ε = 0.00001 Step − 8 : Identify the nodes beyond each branch using IDENT software [11] . Step − 9 : Compute load currents IL(m2) for m2 = 1, 2, 3, …, NB using Eq. [5] Step − 10 : Compute current through each branch i.e., I(jj) for jj = 1, 2, 3, …, LN1 using Eq. [8] Step − 11 : Set jj = 1
Step − 12 :
Step − 13 : Set m1 = ISS(jj) and m2 = IRR(jj). Compute receiving−end voltage V(m2) for all m2 using Eq. [2] .
Step − 14 : Compute the voltage deviation VD(m2)= 1− V(m2)
Step − 15 : jj = jj + 1
Step Step−25 Step − 20 : Set m2=0
Step − 21 : Calculated total number of nodes having VD(m2) < 1.000.
Step − 22 : m3=m2+1
Step − 23 : Increase pl & ql till ∆I(jj) is positive.
Step − 24 : Print "Results"
Step − 25 : Stop
IX. EXAMPLE
A 69−node radial distribution network is shown in Fig. 2 . Base values are 12.66 kV and 100 MVA. Load data and line data for 69−node radial distribution network are available in [12] . Initially the real and reactive power losses of radial network are 224.933kW and 102.129kVAr respectively. Node 65 has the lowest voltage level i.e 0.9091 pu. The total real and reactive power load on the system are 3801.89 kW and 2692.60 kVAr respectively. Table III shows the branch current, maximum current rating and allowable current rating and their difference for 69−node radial distribution network. Fig. 3 shows the 69−node radial distribution network after network reconfiguration using the method of [12] . Table IV shows branch current of 69−node radial distribution network [12] after network reconfiguration. X. CONCLUSION A formula for maximum loading of conductor for radial distribution network is proposed in the paper to compute the change in loading of the radial network. In this proposed method, the most sensitive node and the node having the minimum voltage deviation are found and operated in this paper, nodes having voltage deviation less than 1% are operated. The critical loadings of the 69−node radial distribution network [12] have been found out for constant power load modelling for substation voltage of 1.0 p.u. and the results are obtained by the proposed method. The comparison of various switching options will show that the critical loading by the proposed method is superior. The overall loss i.e., real and reactive power losses are reduced, voltage profile of the network is improved and total loading of network is increased.
